This paper shows in detail the modelling of anisotropic polymeric foam under compression and tension loadings, including discussions on isotropic material models and the entire procedure to calibrate the parameters involved. First, specimens of poly(vinyl chloride) (PVC) foam were investigated through experimental analyses in order to understand the mechanical behavior of this anisotropic material. Then, isotropic material models available in the commercial software Abaqus TM were investigated in order to verify their ability to model anisotropic foams and how the parameters involved can influence the results. Due to anisotropy, it is possible to obtain different values for the same parameter in the calibration process. The obtained set of parameters are used to calibrate the model according to the application of the structure. The models investigated showed minor and major limitations to simulate the mechanical behavior of anisotropic PVC foams under compression, tension and multi-axial loadings. Results show that the calibration process and the choice of the material model applied to the polymeric foam can provide good quantitative results and save project time.
gating cellular materials. Gibson and Ashby [8] wrote a landmark book and, besides, a whole 23 micromechanical approach for cellular materials, several potential applications can be found.
24
Newer and more common applications for cellular structures comprise the use of sandwich 25 structures. For example, the special foams used in modern structures such as aircrafts and 26 boat hulls. Thus, a lot of scientific works can be seen in the literature about the mechanical 27 behavior prediction of structures made from cellular materials, using analytic and numerical 28 analyses combined to experimental tests [10, 15, 17-20, 22, 26] . However, many works do not 29 consider the anisotropic effects and the numeric simulations are carried out using only the 30 input data (material model parameters and hardening curve) from uniaxial compression test 31 for one anisotropy direction [18, 19] .
32
To master the modelling of such structures and materials, one must go over theories of 33 elasticity and plasticity to properly manage yield surfaces and hardening laws [24] . Adding The foam's final micro structure and its anisotropic behavior are related according to Under uniaxial compression loadings, the material exhibits a linear elastic phase as shown 95 in Fig. 3 . Past the yield stress, the material behaves similarly to perfect plastic regular 
Where σ v is the von Mises equivalent stress; σ m is the mean stress; σ 0 , α and σ y are 137 parameters to be identified experimentally (later detailed in this paper); S ij is the second 138 invariant of stress deviator tensor. 
PARAMETERS CALIBRATION PROCEDURE

175
Regarding the material models described earlier, it is not so difficult to identify σ y and σ 0 .
176
First, the material's yield stress (σ y ) is evaluated using uniaxial tests. Second, σ 0 is the transla-177 tion value of the yield stress in the mean stress axis (value at the abscissa coordinate). However,
178
the parameter α is the most intricate one that it is defined by Equations (3-5), which show its 179 relation to the shape of the yield surface [4] :
Thus, parameter α depends on the k and k t , which are the actual parameters to be cali-183 brated within Abaqus TM along with the hardening curve. As for the elastic phase, the material 184 is considered isotropic; so the elastic Poisson's ratio and Young's modulus are required as usual.
185
In the plastic regime, the CVH model assumes a null plastic Poisson's ratio (υ pl ), which locks 186 the control over the flow potential. A control over the shape of the yield surfaces through the 187 ratio k and k t are offered instead. An initial isotropic yield surface can be defined in the CVH 188 model by setting σ 0 equal to "0" (zero) and k t equal to "1" (one).
189
As for the CIH material model, it is only necessary to define the k ratio value, but now the foam, but also in regard to its failure mechanism in compressive loading.
217
The uniaxial tests (compression and tension) were taken for both planes (1-2 and 1-3) with 218 loading in both directions (1(or 2) and 3). Most of experimental tests followed standards tests foam. The yield stress in uniaxial compression was set to be the maximum stress level at 222 the beginning of the plateau level, usually indicated by a peak after the linear elastic regime 223 (Fig. 3) . Under uniaxial tension, due to the quasi-brittle response observed (Fig. 4) 7(a)) or tension tests (Fig. 7(b) ) for both material planes (1-2 and 1-3) and the hydrostatic 233 compression test (Fig. 7(c) ). 
243
On the other hand, for the CVH model, the hardening input data is more complicated. It is 244 dictated by the stretching of the yield surface in the mean stress axis by the increase of the 245 current hydrostatic yield stress in compression, p c (equation (6)). study. Non linear effects were expected due to the large displacements and strains (over 100%).
274
Furthermore, it is important to mention that the storage matrix was set to unsymmetrical due 275 to the non associative flow of the material models, increasing thereby the computational time.
276
However, uniaxial compressive loading poses no restrictions in respect to the discontinuity in 277 the yield surface.
278
Each tested direction generated two hardening curves. One curve accounts the spring back 279 phenomenon in the compressed foam and the other one does not. There is a large elastic 280 return of the foam due to micro buckling in the material, which establishes the spring back 281 phenomenon ( Fig. 9(a) ). As the stress increases, the weakest section fails by rupture of the related to the spring back due to the buckled micro structure (ε B -ε A ), as shown in Fig. 9 (a).
291
Hardening curves only take inelastic strain into account. Hence, by incorporating the spring 292 back phenomenon, the strain energy absorption of the material is underestimated, because 293 the hardening increases. If the spring back is not taken into account, the energy absorption 294 capacity of the material is properly simulated, and this curve is named "Theoretical Hardening"
295
( Fig. 9(b) ). However, modelling the unloading is no longer accurate due to the spring back 296 phenomenon and the phenomenological viscous behavior; so, both phenomena are neglected.
297
This curve is herein named "Real Hardening" (Fig. 9(b) ) and the Cauchy stresses are assumed 298 to be equivalent to Nominal stresses, because, under tension loading, the material fails at low 299 strains; hence the increase in the stress was neglected. As for the compression test, the plastic to mention that the parameters were obtained according to the procedure described earlier.
308
Based on the experimental results, it was possible to determine the respective yield surfaces The null plastic Poisson's ratio effect can be seen in Fig. 12 for the CVH model. Both Figure 11 Comparison between experimental and numerical results of uniaxial compression for in-plane tests (direction 1(2)).
analyses in direction 3 and 1 (or 2) exhibit a very similar behavior, but the plastic strain 322 shown in Fig. 12 clearly distinguishes the results at the end of the FEA simulation, using the is the original shape of the material. In Fig. 12(a) , the foam crushed in the normal direction 326 3 has a 192% logarithmic strain, whereas the foam compressed in the direction 1 ( Fig. 12(b) )
327
shows a 233% logarithmic strain. These numerical results are coherent with the respective 328 strengths, displacement applied and height of specimen used in each simulation. (Fig. 13-14) . The specimens The material models behave very differently for tension loadings, i.e., for negative hydro- Fig. 15(a) ). As commented earlier, in this work, the initial yield stress is considered to take 362 place at 1% of total strain; so, a subtle hardening may be modeled and these curves can be (Fig. 16) . To simulate the material response in direction 1 (or 2),
375
surfaces IV (CVH model) and VI (CIH model) were used instead (Fig. 17) .
376
(a) Figure 16 Comparison between experimental and numerical results of tension for out-of-plane tests (direction 3). By looking at the curve number 3 in Fig. 16 , for the tests in direction 3, the CVH model
377
(surface III) assumes perfect plastic behavior, but the analysis terminated prematurely. On On the other hand, the CIH models (surfaces V and VI) do not present such debilities 399 and the analyses successfully terminate. Even though, the plastic Poisson's ratio for the plane 400 1-2 is high, the model is fairly short and simple. However it must be emphasized that for 401 the isotropic model, the hardening curve is the same for all loading paths. Therefore, if the
